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(54)  Ink-jet  printing  head  and  method  of  manufacturing  the  same 

(57)  In  an  ink  jet  print  head,  a  fluid  passage  forming 
substrate  1  includes  pressure  generating  chambers  2 
being  trapezoidal  in  shape,  each  pressure  generating 
chamber  2  having  walls  substantially  parallel  to  the  flow- 
ing  direction  of  ink,  and  no  stagnation  of  ink  is  present  in 
the  pressure  generating  chambers  2.  The  pressure  gen- 
erating  chambers'  2  walls  include  first  walls  3,  3'  vertical 
to  the  surface  of  the  silicon  monocrystalline  substrate 
and  oriented  in  the  orientation  of  the  pressure  generat- 
ing  chambers  2,  and  second  walls  4,  4'  slanted  at  an 
angle  of  35°  with  respect  to  the  surface  of  the  substrate 
1  ,  the  second  walls  4,  4'  being  formed  at  both  ends  of 
each  pressure  generating  chamber  2.  An  elastic  plate  5 

is  fastened  onto  first  opening-formed  sides  of  the  pres- 
sure  generating  chambers  2  and  piezoelectric  layers  7, 
8,  9  for  expanding  and  contracting  the  pressure  gener- 
ating  chambers  2  are  mounted  on  the  surface  of  the 
elastic  plate  5.  A  covering  member  10  has  nozzle  open- 
ings  1  1  each  located  at  the  end  of  each  pressure  gener- 
ating  chamber  2  which  are  firmly  fastened  to  second 
opening-formed  sides  of  the  pressure  generating  cham- 
bers  2.  The  covering  member  1  0  is  firmly  fastened  on 
the  fluid  passage  forming  substrate  1  by  an  adhesive 
layer  13. 
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Description 

The  present  invention  relates  to  an  ink  jet  print  head 
which  includes  a  fluid  passage  forming  substrate  having 
pressure  generating  chambers  formed  by  anisotropi-  s 
cally  etching  a  silicon  monocrystalline  substrate. 

A  conventional  ink  jet  print  head  is  shown  in  Fig.  9. 
As  shown,  the  print  head  has  a  layered  structure  which 
is  made  up  of  a  fluid  passage  forming  substrate  51,  a 
covering  member  55,  and  an  elastic  plate  57.  The  fluid  10 
passage  forming  substrate  51  includes  a  pressure  gen- 
erating  chamber  50  that  receives  an  external  pressure. 
The  covering  member  55  has  a  discharge  orifice  54 
communicating  with  the  pressure  generating  chamber 
50  and  an  ink  supplying  port  53  communicatively  con-  15 
necting  a  reservoir  52  to  the  pressure  generating  cham- 
ber  50.  The  elastic  plate  57  has  a  pressure  generating 
means  56  and  covers  one  of  the  major  sides  of  the  fluid 
passage  forming  substrate  51  .  The  pressure  generating 
chamber  50  is  expanded  and  contracted  by  the  pres-  20 
sure  generating  means  56  of  the  elastic  plate  57.  When 
expanded,  the  pressure  generating  chamber  sucks  ink 
from  the  reservoir  52  through  the  ink  supplying  port  53. 
When  contracted,  the  pressure  generating  chamber 
causes  the  sucked  ink  to  eject  outside  in  the  form  of  ink  25 
droplets  through  the  discharge  orifice  54. 

In  forming  the  fluid  passage  forming  substrate  51 
having  the  pressure  generating  chambers  50  formed 
therein,  an  etching  pattern  corresponding  to  an  array  of 
pressure  generating  chambers  is  formed  on  a  silicon  30 
monocrystalline  substrate  having  a  face  (110).  Then, 
the  structure  is  etched  in  an  alkaline  water  solution  con- 
taining  potassium  hydroxide  by  an  anisotropical  etching 
process.  In  the  process  of  anisotropically  etching  the  sil- 
icon  monocrystalline  substrate,  recesses  and  openings  35 
having  (111)  faces  that  are  vertical  to  the  (110)  face  are 
linearly  formed.  The  recesses  and  the  openings  are 
considerably  high  in  their  aspect  ratio.  The  result  is  the 
formation  of  pressure  generating  chambers  arrayed  at 
extremely  high  density.  40 

In  the  silicon  monocrystalline  substrate  having  a 
(1  10)  face,  (111)  faces  appear,  which  are  each  slanted 
at  about  35°  with  respect  to  the  surface  of  the  silicon 
monocrystalline  substrate,  and  extended  from  the  inter- 
section  of  linear  patterns  along  the  (111)  faces  vertical  45 
to  the  (110)  faces.  These  faces  (111)  form  the  walls  58 
and  58'  of  each  pressure  generating  chamber  50. 

With  the  formation  of  the  slanted  walls,  acutely 
angled  spaces  59  and  59'  are  formed  in  the  vicinity  of 
discharge  orifices  54  and  ink  supplying  ports  53.  In  the  so 
spaces,  ink  stagnates  and  air  bubbles  stay  there.  The 
air  bubbles  staying  there  are  hard  to  remove. 

SUMMARY  OF  THE  INVENTION 
55 

It  is  an  object  of  the  present  invention  to  provide  an 
ink  jet  print  head  in  which  stagnation  of  ink  is  removed 
in  the  vicinity  of  nozzle  openings  and  ink  supply  ports,  to 

thereby  eliminate  air  bubbles  staying  there,  and  hence 
the  removability  of  bubbles  is  improved. 

Another  object  of  the  present  invention  is  to  provide 
a  method  of  manufacturing  an  ink  jet  print  head 
improved  as  mentioned  above. 

Yet  another  object  of  the  present  invention  is  to  pro- 
vide  a  method  of  manufacturing  a  fluid  passage  forming 
substrate  for  an  ink  jet  print  head  in  which  the  width  of 
the  ink  supply  ports  is  not  expanded  even  if  the  etching 
patterns  are  shifted  from  their  correct  positions,  and  the 
ink  supply  ports  have  accurate  flow  resistance  values. 

To  solve  these  objects  the  present  invention  pro- 
vides  an  ink  jet  print  head  as  specified  in  claims  1  and  3 
and  methods  of  manufacturing  an  ink  jet  print  head  as 
specified  in  claims  2,  4  and  5,  respectively. 

A  preferred  embodiment  of  the  invention  is 
described  in  the  subclaims. 

The  claims  are  understood  as  a  first,  non-limiting 
approach  for  defining  the  invention. 

According  to  the  present  invention,  there  is  specifi- 
cally  provided  an  ink  jet  print  head  comprising:  a  fluid 
passage  forming  substrate  including  pressure  generat- 
ing  chambers  being  trapezoidal  in  shape,  which  are 
formed  by  etching  a  silicon  monocrystalline  substrate  by 
an  anisotropical  etching  process,  each  pressure  gener- 
ating  chamber  having  first  walls,  which  are  vertical  to 
the  surface  of  the  silicon  monocrystalline  substrate  and 
oriented  in  the  orientation  of  the  pressure  generating 
chambers,  and  second  walls  which  are  slanted  at  an 
angle  of  35  °  with  respect  to  the  surface  of  the  silicon 
monocrystalline  substrate,  the  second  walls  being 
formed  at  both  ends  of  each  pressure  generating  cham- 
ber;  an  elastic  plate  firmly  fastened  onto  first  opening- 
formed  sides  of  the  pressure  generating  chambers, 
pressure  generating  means  for  expanding  and  contract- 
ing  the  pressure  generating  chambers  being  mounted 
on  the  surface  of  the  elastic  plate,  and  a  covering  mem- 
ber  having  nozzle  openings  each  located  at  the  end  of 
each  pressure  generating  chamber  and  firmly  fastened 
to  second  opening-formed  sides  of  the  pressure  gener- 
ating  chambers,  the  opening  of  the  first  opening-formed 
side  being  smaller  than  the  opening  of  the  second  open- 
ing-formed  side;  wherein  the  covering  member  is  firmly 
fastened  on  the  fluid  passage  forming  substrate  by 
adhesive,  and  meniscuses  of  the  adhesive  are  formed 
and  hardened  in  spaces  defined  by  walls  slanted  at  an 
angle  of  35°  with  respect  to  the  surface  of  the  fluid  pas- 
sage  forming  substrate  in  which  the  nozzle  openings 
are  formed.  The  acutely  angled  spaces  are  filled  with 
the  adhesive  walls  15.  Each  pressure  generating  cham- 
ber  has  walls  substantially  parallel  to  the  flowing  direc- 
tion  of  ink.  No  stagnation  of  ink  is  present  in  the 
pressure  generating  chambers. 

Figs.  1(a)  and  1(b)  are  top  and  sectional  views 
showing  an  embodiment  of  an  ink  jet  print  head  accord- 
ing  to  the  present  invention,  these  views  showing  typi- 
cally  a  single  pressure  generating  chamber  and  its  near 
structure. 
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Figs.  2(1)  to  2(111)  are  sectional  views  showing  a 
bonding  process  of  a  covering  member  on  a  fluid  pas- 
sage  forming  substrate  in  a  method  of  manufacturing 
the  ink  jet  print  head  of  Fig.  1. 

Fig.  3  is  a  sectional  view  showing  another  embodi-  s 
ment  of  an  ink  jet  print  head  according  to  the  present 
invention,  the  view  showing  typically  a  single  pressure 
generating  chamber  and  its  near  structure. 

Figs.  4(l)  to  4(lll)  are  sectional  views  showing  a 
method  of  manufacturing  the  ink  jet  print  head  of  Fig.  3.  10 

Fig.  5  is  a  sectional  view  showing  yet  another 
embodiment  of  an  ink  jet  print  head  according  to  the 
present  invention,  the  print  head  having  a  fluid  passage 
forming  substrate  formed  by  anisotropically  etching  a 
silicon  monocrystalline  substrate,  and  the  view  showing  is 
typically  a  single  pressure  generating  chamber  and  its 
near  structure. 

Figs.  6(l)  to  6(VIII)  are  sectional  views  showing  a 
method  of  manufacturing  a  fluid  passage  forming  sub- 
strate  for  the  ink  jet  print  head  of  Fig.  5.  20 

Fig.  7  is  a  view  showing  an  example  of  an  etching 
pattern,  which  is  used  for  forming  a  fluid  passage  form- 
ing  substrate  by  use  of  a  silicon  monocrystalline  sub- 
strate.  Fig.  8  is  a  view  showing  the  result  of 
anisotropically  etching  the  silicon  monocrystalline  sub-  25 
strate  by  use  of  the  etching  pattern  shown  in  Fig.  7. 

Fig.  9  is  a  sectional  view  showing  a  prior  ink  jet  print 
which  uses  a  fluid  passage  forming  substrate  con- 
structed  with  a  silicon  monocrystalline  substrate,  the 
view  showing  typically  a  single  pressure  generating  30 
chamber  and  its  near  structure. 

Figs.  10(a)  and  10(b)  are  views  showing  conven- 
tional  etching  patterns  used  for  forming  the  fluid  pas- 
sage  forming  substrate  shown  in  Fig.  5,  and  an  ink 
supply  port  formed  by  use  of  that  etching  pattern.  Refer-  35 
ence  is  made  to  Fig.  1  showing  an  embodiment  of  the 
present  invention.  A  fluid  passage  forming  substrate  1 
having  pressure  generating  chambers  formed  therein  is 
formed  with  a  silicon  monocrystalline  substrate  proc- 
essed  by  an  anisotropical  etching  process.  The  sur-  40 
faces  of  the  lengthwise  sides  of  each  pressure 
generating  chamber  2  is  defined  by  opposite  walls  3 
and  3'  vertical  to  the  silicon  monocrystalline  substrate. 
Both  ends  of  the  pressure  generating  chamber  2  are 
defined  by  walls  4  and  4',  which  appear  while  being  45 
slanted  at  approximately  35°  with  respect  to  the  surface 
of  the  silicon  monocrystalline  substrate  of  the  silicon 
monocrystalline  substrate. 

An  elastic  film  5  is  an  elastically  deformable  thin  film 
made  of,  for  example,  zirconia  oxide,  which  is  fastened  so 
on  a  narrow  opening  surface  6  of  the  silicon  monocrys- 
talline  substrate  1  .  A  lower  electrode  7  as  a  common 
electrode  is  formed  on  the  surface  of  the  elastic  film  5.  A 
piezoelectric  layer  8  is  formed  on  the  lower  electrode  7. 
Upper  electrodes  9  are  discretely  formed  on  the  piezoe-  55 
lectric  layer  8  while  being  arrayed  corresponding  to  and 
in  opposition  to  the  pressure  generating  chambers  2.  In 
the  structure  where  the  upper  electrodes  9  are  arrayed 

in  opposition  to  the  pressure  generating  chambers  2,  if 
a  drive  signal  is  applied  to  between  the  lower  electrode 
7  and  a  specific  or  selected  upper  electrode  9,  the  pres- 
sure  generating  chamber  2  corresponding  to  the 
selected  upper  electrode  9  is  expanded  and  contracted 
to  eject  an  ink  droplet  therefrom. 

A  covering  member  10  is  fastened  on  the  surface  of 
the  other  side  of  the  silicon  monocrystalline  substrate  1  . 
A  nozzle  orifice  1  1  is  formed  in  the  covering  member  10 
at  a  location  closer  to  one  end  of  the  pressure  generat- 
ing  chamber  2,  and  an  ink  supply  port  12  is  also  formed 
in  the  covering  member  10  at  another  location  closer  to 
the  other  end  of  the  pressure  generating  chamber  2. 
The  wider  opening  side  or  surface  of  the  fluid  passage 
forming  substrate  1  is  coated  with  adhesive  to  form  a 
adhesive  layer  13  thereon.  The  covering  member  10  is 
applied,  and  bonded  onto  the  silicon  monocrystalline 
substrate  1  with  the  aid  of  the  adhesive  layer  1  3  inter- 
vening  therebetween. 

In  a  bonding  process  of  the  covering  member  on 
the  fluid  passage  forming  substrate,  as  shown  in  Fig.  2, 
the  fluid  passage  forming  substrate  1  is  coated  with 
adhesive  14  (I  in  Fig.  2).  The  nozzle  orifices  1  1  and  the 
ink  supply  ports  12  of  the  covering  member  10  are 
aligned  with  the  related  pressure  generating  chambers 
2  (II  in  Fig.  2).  The  covering  member  10  and  the  fluid 
passage  forming  substrate  1  are  compressed  together 
and  the  adhesive  14  present  therebetween  is  hardened. 
In  the  bonding  process,  when  the  covering  member  and 
the  fluid  passage  forming  substrate  are  compressed 
together,  part  of  the  adhesive  1  4  flows  out  into  the  pres- 
sure  generating  chamber  2.  At  this  time,  the  adhesive 
flows,  by  its  surface  tension,  into  the  narrow  spaces 
formed  by  the  walls  4  and  4'  defining  the  ends  of  the 
pressure  generating  chamber  2  and  the  surface  of  the 
covering  member  10,  whereby  meniscuses  M  are 
formed  therein  as  shown. 

In  this  state,  the  adhesive  is  hardened  to  form  walls 
15  and  15'  (Fig.  1(b))  inclined  at  a  large  angle.  This 
angle  is  much  larger  than  the  angle  between  the  cover- 
ing  member  10  and  each  of  the  walls  4  and  4'.  There- 
fore,  flowing  ink  does  not  stagnate  in  the  vicinity  of  the 
nozzle  orifice  1  1  and  the  ink  supply  port  12.  As  a  result, 
no  bubbles  stay  at  the  ends  of  the  pressure  generating 
chamber  2  (when  longitudinally  viewed),  and  if  staying 
there,  the  bubbles  may  easily  be  removed. 

Fig.  3  shows  a  second  embodiment  of  the  present 
invention.  As  shown,  to  form  a  fluid  passage  forming 
substrate  20,  through-holes  to  be  used  as  pressure 
generating  chambers  21  are  formed  in  a  silicon  monoc- 
rystalline  substrate  by  an  anisotropic  etching  process. 
At  this  time,  in  each  of  the  formed  pressure  generating 
chambers,  an  enlarged  portion  22  is  formed  which  has 
faces  23  and  23'  vertical  to  the  silicon  monocrystalline 
substrate  and  is  opened  to  the  larger  opening-formed 
side  of  the  silicon  monocrystalline  substrate. 

To  be  more  specific,  as  shown  in  Fig.  4,  pressure 
generating  chambers  are  formed  in  a  silicon  monocrys- 
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talline  substrate  by  an  anisotropic  etching  process  (I  in 
Fig.  4).  The  silicon  monocrystalline  substrate  is  etched 
by  a  surface  anisotropical  etching  process,  e.g.,  dry 
etching  process,  from  the  surface  of  the  substrate  on 
which  the  covering  member  10  is  to  be  formed,  toward  5 
the  inner  part  of  the  substrate  for  a  preset  time  (II  in  Fig. 
4).  In  the  etching  process,  the  exposed  surfaces  of  the 
silicon  monocrystalline  substrate  are  etched  at  a  fixed 
rate  in  its  depth  direction,  or  the  direction  vertical  to  the 
surface  of  the  fluid  passage  forming  substrate  20.  With  w 
the  progress  of  the  etching,  the  faces  23  and  23'  are 
formed  extending  inward  from  the  larger  opening- 
formed  side  of  each  pressure  generating  chamber,  onto 
which  the  covering  member  10  is  to  be  fastened.  The 
nozzle  orifices  1  1  and  the  ink  supply  ports  1  2  of  the  cov-  15 
ering  member  10  are  aligned  with  the  pressure  generat- 
ing  chambers  21  of  the  silicon  monocrystalline 
substrate,  and  the  covering  member  1  0  is  applied  to  the 
substrate  surface  having  the  enlarged  portions  22  (Fig. 
3)  that  are  formed  therein  by  surface  anisotropical  etch-  20 
ing  process,  and  bonded  to  the  latter  (III  in  Fig.  4).  Here, 
an  ink  jet  print  head  is  completed. 

In  the  present  embodiment,  the  vertical  faces  23 
and  23'  which  are  formed  in  the  vicinity  of  the  nozzle  ori- 
fice  1  1  and  the  ink  supply  port  1  2  of  each  pressure  gen-  25 
erating  chamber  by  surface  anisotropic  etching  process, 
are  substantially  parallel  to  the  flowing  direction  of  ink  in 
the  nozzle  orifice  1  1  and  the  ink  supply  port  12.  There- 
fore,  no  stagnation  of  ink  flow  is  present  in  the  vicinity  of 
the  nozzle  orifice  11  and  the  ink  supply  port  12,  and  30 
bubbles  staying  there  are  easily  removed  therefrom. 
Since  the  faces  23  and  23'  for  making  ink  flow  smooth 
are  already  formed  in  the  vicinity  of  the  nozzle  orifice  1  1 
and  the  ink  supply  port  12,  there  is  no  need  for  forming 
the  adhesive  meniscuses  M  (Fig.  1(b)).  Therefore,  a  35 
bonding  method  not  using  adhesive,  for  example,  an 
anodic  bonding  method,  may  be  used  for  bonding  the 
covering  member  10  to  the  fluid  passage  forming  sub- 
strate.  As  a  result,  no  adhesive  flows  into  the  pressure 
generating  chamber  2,  and  there  is  no  chance  of  clog-  40 
ging  the  nozzle  orifice  1  1  and  the  ink  supply  port  1  2  with 
adhesive. 

In  the  above-mentioned  embodiment,  the  ink  sup- 
ply  ports  are  formed  in  the  covering  member,  and  the 
reservoirs  are  formed  in  another  member.  If  required,  45 
the  reservoirs  and  the  ink  supply  ports  may  be  formed  in 
the  fluid  passage  forming  substrate.  In  this  case,  the 
present  invention  is  applied  to  the  structure  of  the  ink 
supply  ports  of  the  silicon  monocrystalline  substrate. 

The  present  invention  may  also  be  embodied  as  so 
shown  in  Fig.  5.  An  ink  jet  print  head  of  Fig.  5  has  a  lay- 
ered  structure  made  up  of  a  fluid  passage  forming  sub- 
strate  35,  an  elastic  plate  36  and  a  nozzle  plate  37.  A 
silicon  monocrystalline  substrate  is  anisotropically 
etched  to  form  the  fluid  passage  forming  substrate  35  55 
which  includes  reservoirs  30  for  receiving  ink  from  exte- 
rior,  pressure  generating  chambers  33  for  ejecting  ink 
droplets  through  nozzle  orifices  32  when  those  are 

pressed  by  pressure  generating  means  31  ,  and  ink  sup- 
ply  ports  34  for  supplying  ink  from  the  reservoirs  30  to 
the  pressure  generating  chambers  33.  The  elastic  plate 
36  tightly  covers  one  of  the  major  sides  or  surfaces  of 
the  fluid  passage  forming  substrate.  The  nozzle  plate  37 
tightly  covers  the  other  major  side  of  the  fluid  passage 
forming  substrate. 

In  the  fluid  passage  forming  substrate,  which  is  thus 
formed  by  anisotropically  etching  the  silicon  monocrys- 
talline  substrate,  each  ink  supply  port  34,  which  greatly 
affects  the  ink  ejection  performances,  functions  as  an 
ink  guide  means  for  smoothly  supplying  ink  from  the 
reservoir  30  to  the  pressure  generating  chamber  33, 
and  provides  flow  resistance  for  ejecting  the  ink,  when  is 
pressed  in  the  pressure  generating  chamber  33, 
through  the  nozzle  orifice  32  in  the  form  of  an  ink  drop- 
let.  From  those  functions,  it  will  be  confirmed  that  the  ink 
supply  port  34  is  one  of  the  factors  that  greatly  affects 
the  ink  ejecting  performances. 

If  the  width  of  the  ink  supply  port  34  is  selected  to 
be  substantially  equal  to  that  of  the  pressure  generating 
chamber  33  and  the  depth  d  of  the  ink  supply  port  is 
selected  to  be  shallow,  the  ink  supply  port  34  has  a  flow 
resistance  value  comparable  with  that  of  the  nozzle  ori- 
fice  32. 

To  form  the  ink  supply  port  34,  as  shown  in  Fig. 
10(a),  one  side  of  an  area  to  be  used  as  the  ink  supply 
port  34  is  etched  by  use  of  an  etching  pattern  P3  of  the 
pressure  generating  chamber  33,  while  the  other  side  of 
the  area  is  etched  by  use  of  an  etching  pattern  P4  of  the 
width  W1  that  is  equal  to  that  of  the  pressure  generating 
chamber  33.  Then,  an  area  between  those  patterns  P3 
and  P4  is  half  etched  to  form  a  recess  of  the  width  W1 
there.  This  recess  is  used  for  the  ink  supply  port  34. 

If  one  of  those  two  patterns,  e.g.,  the  pattern  P3  for 
forming  a  passing  hole  38,  is  shifted  from  the  other  pat- 
tern  P4  by  AL,  as  indicated  by  a  dotted  line,  the  width  for 
the  ink  supply  port  34  expands  to  positions  where  lines 
prolonged  from  the  etching  pattern  P3  for  the  pressure 
generating  chamber  33  and  the  etching  pattern  P4  con- 
tact  with  each  other.  The  width  of  the  ink  supply  port  34 
is  expanded  by  a  slight  amount  AW  to  have  the  width 
(W1  +  AW).  As  a  result,  a  flow  resistance  of  the  ink  sup- 
ply  port  34  varies.  The  variation  of  the  flow  resistance 
leads  to  a  variation  of  the  ink  drop  ejection  perform- 
ances,  and  degradation  of  the  print  quality. 

Fig.  6  shows  a  set  of  sectional  views  showing  a 
method  of  manufacturing  the  fluid  passage  forming  sub- 
strate  shown  in  Fig.  5.  A  silicon  monocrystalline  sub- 
strate  41  that  is  cut  so  as  to  have  the  surfaces  each  of  a 
(1  1  0)  face  is  thermally  oxidized  to  form  a  base  material 
44  having  Si02  layers  42  and  43  layered  over  the  entire 
surfaces  thereof  (I  in  Fig.  6).  The  Si02  layers  42  and  43 
serve  also  as  etching  protecting  films  in  an  etching  proc- 
ess  of  the  silicon  monocrystalline  substrate  41  . 

A  photo  resist  45  is  formed  on  the  Si02  layer  42  so 
that  the  orientation  of  the  pressure  generating  cham- 
bers  33  is  coincident  with  the  crystal  orientation  (112). 
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As  a  result,  a  first  etching  pattern  P1  of  the  width  W1  for 
the  pressure  generating  chambers  33  and  a  second 
etching  pattern  P2  to  be  used  as  a  passing  hole  38  (the 
area  for  the  ink  supply  port  34  is  located  between  the 
patterns  P1  and  P2)  are  formed,  as  shown  in  Fig.  7.  The 
second  etching  pattern  P2  is  narrower  than  the  first 
etching  pattern  P1  (W2  <  W1  ;  W2  =  width  of  the  pattern 
P2,  and  W1  =  width  of  the  pattern  P1),  and  is  formed 
within  the  opposite  lines  S  and  S  defining  the  first  etch- 
ing  pattern  P1  (11  in  Fig.  6). 

The  Si02  layer  42  is  removed  by  use  of  the  buffer 
hydrofluoric  acid  solution  consisting  of  hydrofluoric  acid 
and  ammonium  fluoride  at  a  rate  of  1  :  6,  to  thereby  form 
window  patterns  P1'  and  P2'  for  anisotropic  etching 
processes,  which  are  coincident  in  shape  with  the  etch- 
ing  patterns  P1  and  P2  (III).  The  photo  resist  45  on  the 
Si02  layer  at  positions  where  the  ink  supply  ports  34 
and  the  reservoirs  30  are  to  be  formed  is  removed 
again,  and  Si02  layers  46  and  47  are  etched  in  the  pre- 
viously  described  buffer  hydrofluoric  acid  solution  for 
about  5  (five)  minutes  till  its  thickness  is  reduced  to  be 
approximately  0.5|xm  (IV).  After  the  removal  of  the  photo 
resist  45,  the  base  material  44  is  anisotropically  etched 
in  a  10%  potassium  hydroxide  solution  heated  to  a  tem- 
perature  at  80°C.  The  etching  progresses  and  reaches 
the  other  side  Si02  layer  43,  so  that  recesses  corre- 
sponding  to  the  patterns  P1  '  and  P2'  which  are  to  be  the 
pressure  generating  chambers  33  and  the  passing 
holes  38  are  formed.  The  layers  Si02  layers  42,  46  and 
47,  which  serve  as  etching  protecting  films,  are  also 
etched  away.  The  Si02  layers  46  and  47  on  the  areas  for 
the  ink  supply  ports  34  and  the  reservoirs  30  are  left  as 
layers  being  thinned  to  be  about  0.2|xm,  and  the  Si02 
layers  42  are  left  as  layers  being  thinned  to  be  about 
0.6|xm  (V  in  Fig.  6). 

The  base  material  44  is  immersed  into  the  buffer 
hydrofluoric  acid  solution  for  such  a  time  period  as  to 
allow  the  removal  of  the  Si02  layers  of  0.  1  urn,  for  exam- 
ple,  about  one  minute.  The  result  is  to  remove  the  Si02 
layers  46  and  47  on  the  areas  in  which  the  ink  supply 
ports  34  and  the  reservoir  30  are  to  be  formed,  and  to 
leave  the  Si02  layers  46  on  the  remaining  areas  in  the 
form  of  layers  42,  of  about  0.1  urn  (VI  in  Fig.  6).  The 
base  material  44  is  immersed  again  into  an  about-40% 
potassium  hydroxide  solution  for  anisotropical  etching 
process,  whereby  the  areas  of  the  ink  supply  ports  34 
and  the  reservoirs  30  are  selectively  etched  again  (VII  in 
Fig.  6).  As  recalled,  the  second  etching  pattern  P2'  is 
located  within  the  boundary  lines  S  and  S  of  the  first 
etching  pattern  P1'.  Therefore,  the  etching  process  for 
the  areas  to  be  the  ink  supply  ports  34  stops  at  the  posi- 
tions  of  the  outermost  lines,  viz.,  the  lines  defining  the 
width  W1  of  the  first  etching  pattern  P1.  If  a  shift  of  the 
first  etching  pattern  P1  relative  to  the  second  etching 
pattern  P2,  and  the  second  etching  pattern  P2,  as  well, 
is  within  the  area  between  the  boundary  lines  S  and  S, 
the  ink  supply  port  34  is  formed  having  the  width  equal 
to  the  width  W1  of  the  pressure  generating  chamber  33, 

as  shown  in  Fig.  8. 
Therefore,  if  an  etching  quantity  in  the  second  etch- 

ing  process,  or  the  half  etching  process,  is  controlled  in 
terms  of  the  etching  time,  the  ink  supply  ports  of  desired 

5  flow  resistance  values  are  formed.  If  the  width  of  each 
passing  hole  38  located  between  the  ink  supply  port  34 
and  the  reservoir  30  is  somewhat  narrow,  the  narrow- 
ness  of  the  passing  hole  does  not  give  rise  to  such  a 
variation  of  the  flow  resistance  as  to  ink  ejecting  per- 

10  formances  since  the  passing  hole  38  is  deeper  than  the 
ink  supply  port  34.  Finally,  the  residual  Si02  layers  42' 
and  43  are  removed  by  use  of  the  buffer  hydrofluoric 
acid  solution,  to  complete  the  fluid  passage  forming 
substrate  (VIII  in  Fig.  6).  Subsequently,  the  surface  of 

is  the  fluid  passage  forming  substrate  is  coated  with  the 
adhesive  39,  and  the  nozzle  plate  37  is  applied  to  the 
adhesive  coated  surface  of  the  fluid  passage  forming 
substrate,  and  fastened  thereonto,  and  meniscuses  M 
are  automatically  formed  at  the  acutely  angled  portions 

20  of  the  fluid  passage  forming  substrate.  The  result  is  that 
no  bubbles  remain  there  and  improvement  in  removabil- 
ity  of  the  bubbles. 

If  it  happens  that  the  first  etching  pattern  P1  is  nar- 
rower  than  the  second  etching  pattern  P2  and  put  within 

25  the  second  etching  pattern  P2,  the  width  of  each  ink 
supply  port  34  can  be  controlled  to  a  desired  width.  In  a 
case  where  this  structure  is  employed,  however,  a 
shape  of  each  pressure  generating  chamber  33  to  be 
formed  by  the  first  etching  pattern  P1  varies,  and  a  fac- 

30  tor  varies  which  more  greatly  affects  the  ink  ejecting 
performances,  e.g.,  compliance,  than  the  flow  resist- 
ance  of  the  ink  supply  port  34.  For  this  reason,  use  of 
this  structure  is  not  suggested. 

While  particular  embodiments  of  the  invention  have 
35  been  shown  and  described,  it  will  be  obvious  to  one 

skilled  in  the  art  that  changes  and  modifications  can  be 
made  without  departing  from  the  invention  as  defined  in 
the  appended  claims. 

40  Claims 

1.  An  ink  jet  print  head  comprising: 

a  fluid  passage  forming  substrate  (1)  including 
45  pressure  generating  chambers  (2)  being  trape- 

zoidal  in  shape,  which  are  formed  by  etching  a 
silicon  monocrystalline  substrate  by  an  aniso- 
tropical  etching  process,  each  of  said  pressure 
generating  chambers  (2)  having  first  walls  (3, 

so  3')  which  are  vertical  to  the  surface  of  said  sili- 
con  monocrystalline  substrate  and  oriented  in 
the  orientation  of  said  pressure  generating 
chambers  (2),  and  second  walls  (4,  4')  which 
are  slanted  with  respect  to  the  surface  of  said 

55  silicon  monocrystalline  substrate,  said  second 
walls  (4,  4')  being  formed  at  both  ends  of  each 
of  said  pressure  generating  chambers  (2); 
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an  elastic  plate  (5)  firmly  fastened  onto  first 
opening-formed  sides  of  said  pressure  gener- 
ating  chambers  (2),  pressure  generating 
means  (7,  8,  9)  for  expanding  and  contracting 
said  pressure  generating  chambers  (2)  being  5 
mounted  on  the  surface  of  said  elastic  plate  (5); 
and  a  covering  member  (10)  having  nozzle 
openings  (1  1)  each  located  at  the  end  of  each 
said  pressure  generating  chamber  (2)  and 
firmly  fastened  to  second  opening-formed  w 
sides  of  said  pressure  generating  chambers 
(2),  the  opening  of  each  of  said  first  opening- 
formed  sides  being  smaller  than  the  opening  of 
each  of  said  second  opening-formed  sides; 
wherein  said  covering  member  (10)  is  firmly  75 
fastened  on  said  fluid  passage  forming  sub- 
strate  (1)  by  adhesive  (13),  and  meniscuses  of 
said  adhesive  (13)  are  formed  and  hardened  in 
spaces  defined  by  walls  slanted  with  respect  to 
the  surface  of  said  fluid  passage  forming  sub-  20 
strate  (1)  in  which  said  nozzle  openings  (11) 
are  formed. 

2.  An  ink  jet  print  head  according  to  claim  1  ,  charac- 
terized  in  that  said  second  walls  (4,  4')  are  slanted  25 
at  an  angle  of  35°  with  respect  to  the  surface  of  said 
silicon  monocrystalline  substrate. 

3.  An  ink  jet  print  head  according  to  claim  1  ,  charac- 
terized  in  that  said  slanted  walls  are  slanted  at  an  30 
angle  of  35°  with  respect  to  the  surface  of  said  fluid 
passage  forming  substrate  (1). 

4.  A  method  of  manufacturing  an  ink  jet  print  head 
comprising  the  steps  of:  35 

forming  a  fluid  passage  forming  substrate  (1) 
including  pressure  generating  chambers  (2) 
being  trapezoidal  in  shape,  which  are  formed 
by  etching  a  silicon  monocrystalline  substrate  40 
by  an  anisotropical  etching  process,  each  of 
said  pressure  generating  chambers  (2)  having 
first  walls  (3,  3'),  which  are  vertical  to  the  sur- 
face  of  said  silicon  monocrystalline  substrate 
and  oriented  in  the  orientation  of  said  pressure  45 
generating  chambers  (2),  and  second  walls  (4, 
4')  which  are  slanted  with  respect  to  the  surface 
of  said  silicon  monocrystalline  substrate,  said 
second  walls  (4,  4')  being  formed  at  both  ends 
of  each  of  said  pressure  generating  chambers;  so 

firmly  fastening  an  elastic  plate  (5)  onto  first 
opening-formed  sides  of  said  pressure  gener- 
ating  chambers  (2),  pressure  generating 
means  (7,  8,  9)  for  expanding  and  contracting  55 
said  pressure  generating  chambers  (2)  being 
mounted  on  the  surface  of  said  elastic  plate  (5); 

coating  the  surface  of  said  fluid  passage  form- 
ing  substrate  (1),  which  includes  second  open- 
ing-formed  sides  of  said  pressure  generating 
chambers  (2)  with  adhesive  (14),  the  opening 
of  each  of  said  first  opening-formed  sides  being 
smaller  than  the  opening  of  each  of  said  sec- 
ond  opening-formed  sides; 

pressing  said  covering  member  (10)  having 
nozzle  openings  (1  1)  each  located  at  the  end  of 
each  said  pressure  generating  chambers  (2) 
against  said  fluid  passage  forming  substrate 
(1),  whereby  part  of  said  adhesive  (14)  flows 
into  each  of  said  pressure  generating  cham- 
bers  (2),  to  form  and  harden  meniscuses  of 
said  adhesive  (14)  in  spaces  defined  by  walls 
slanted  with  respect  to  the  surface  of  said  fluid 
passage  forming  substrate  (1). 

5.  An  ink  jet  print  head  according  to  claim  4,  charac- 
terized  in  that  said  second  walls  (4,  4')  are  slanted 
at  an  angle  of  35°  with  respect  to  the  surface  of  said 
silicon  monocrystalline  substrate. 

6.  An  ink  jet  print  head  according  to  claim  4,  charac- 
terized  in  that  said  slanted  walls  are  slanted  at  an 
angle  of  35°  with  respect  to  the  surface  of  said  fluid 
passage  forming  substrate  (1). 

7.  An  ink  jet  print  head  comprising: 

a  fluid  passage  forming  substrate  (20)  includ- 
ing  pressure  generating  chambers  (21)  being 
trapezoidal  in  shape,  which  are  formed  by  etch- 
ing  a  silicon  monocrystalline  substrate  by  an 
anisotropical  etching  process,  each  said  pres- 
sure  generating  chamber  (21)  having  first 
walls,  which  are  vertical  to  the  surface  of  said 
silicon  mnonocrystalline  substrate  and  oriented 
in  the  orientation  of  said  pressure  generating 
chambers,  and  second  walls  which  are  slanted 
with  respect  to  the  surface  of  said  silicon 
monocrystalline  substrate,  said  second  walls 
being  formed  at  both  ends  of  each  of  said  pres- 
sure  generating  chambers  (21); 

an  elastic  plate  (5)  firmly  fastened  onto  first 
opening-formed  sides  of  said  pressure  gener- 
ating  chambers  (21),  pressure  generating 
means  (7,  8,  9)  for  expanding  and  contracting 
said  pressure  generating  chambers  (21)  being 
mounted  on  the  surface  of  said  elastic  plate  (5); 
and  a  covering  member  (10)  having  nozzle 
openings  (1  1)  each  located  at  the  end  of  each 
of  said  pressure  generating  chambers  (21)  and 
firmly  fastened  to  second  opening-formed 
sides  of  said  pressure  generating  chambers 
(21),  the  opening  of  said  first  opening-formed 
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side  being  smaller  than  the  opening  of  said 
second  opening-formed  side; 
wherein  an  enlarged  portion  (22)  is  formed  in 
each  of  said  opening-formed  sides  of  each  said 
pressure  generating  chamber  (2  1  )  by  an  aniso-  5 
tropical  etching  process. 

8.  An  ink  jet  print  head  according  to  claim  7,  charac- 
terized  in  that  said  second  walls  (4,  4')  are  slanted 
at  an  angle  of  35°  with  respect  to  the  surface  of  said  10 
silicon  monocrystalline  substrate. 

9.  A  method  of  manufacturing  an  ink  jet  print  head 
comprising  the  steps  of: 

15 
forming  a  fluid  passage  forming  substrate  (20) 
including  pressure  generating  chambers  (21) 
being  trapezoidal  in  shape,  which  are  formed 
by  etching  a  silicon  monocrystalline  substrate 
by  an  anisotropical  etching  process,  each  of  20 
said  pressure  generating  chambers  (21)  hav- 
ing  first  walls,  which  are  vertical  to  the  surface 
of  said  silicon  monocrystalline  substrate  and 
oriented  in  the  orientation  of  said  pressure  gen- 
erating  chambers,  and  second  walls  which  are  25 
slanted  with  respect  to  the  surface  of  said  sili- 
con  monocrystalline  substrate,  said  second 
walls  being  formed  at  both  ends  of  each  of  said 
pressure  generating  chambers  (21); 

30 
firmly  fastening  an  elastic  plate  (5)  onto  first 
opening-formed  sides  of  said  pressure  gener- 
ating  chambers  (21),  pressure  generating 
means  (7,  8,  9)  for  expanding  and  contracting 
said  pressure  generating  chambers  (21)  being  35 
mounted  on  the  surface  of  said  elastic  plate  (5); 

forming  an  enlarged  portion  (22)  by  etching  a 
second  opening-formed  side  of  each  of  said 
pressure  generating  chambers  (21)  toward  the  40 
inner  part  of  each  of  said  pressure  generating 
chambers  (21)  by  surface  anisotropical  etching 
process;  and 

firmly  fastening  a  covering  member  (1  0)  having  45 
nozzle  openings  (1  1)  each  located  at  the  end  of 
each  of  said  pressure  generating  chambers 
(21). 

10.  An  ink  jet  print  head  according  to  claim  9,  charac-  so 
terized  in  that  said  second  walls  (4,  4')  are  slanted 
at  an  angle  of  35°  with  respect  to  the  surface  of  said 
silicon  monocrystalline  substrate. 

1  1  .  A  method  of  manufacturing  an  ink  jet  print  head  ss 
comprising: 

a  first  step  for  forming  on  a  silicon  monocrystal- 

line  substrate  (41)  a  first  etching  pattern  (P1)  to 
be  pressure  generating  chambers  (33)  and  a 
second  etching  pattern  (P2)  located  in  opposi- 
tion  to  said  first  etching  pattern  (P1)  with 
respect  to  ink  supply  ports,  said  second  etch- 
ing  pattern  (P2)  being  narrower  than  said  first 
etching  pattern  (P1)  and  located  within  oppo- 
site  lines  defining  said  first  etching  pattern 
(P1): 

a  second  step  for  anisotropically  etching  said 
silicon  monocrystalline  substrate  (41)  from  the 
surface  thereof  on  which  said  first  and  second 
etching  patterns  (P1,  P2)  are  formed  to  the 
other  surface  thereof;  and  a  third  step  for  aniso- 
tropically  etching  areas  (34)  of  said  silicon 
monocrystalline  substrate  (41),  each  located 
between  said  first  and  second  etching  patterns 
(P1  ,  P2),  to  a  depth  suitable  for  said  ink  supply 
ports. 

12.  The  method  of  manufacturing  an  ink  jet  print  head 
according  to  claim  1  1  ,  in  which  in  said  third  step, 
reservoirs  are  also  formed. 
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